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(54) Method and apparatus for a remote tire pressure monitoring system 



(57) A tire characteristic monitoring method allows 
automatic proo/amming of tire position information in a 
remote tire pressure monitoring system (10). The 
method includes, from a remotely located exciter (16) 
using a primary coil (18) to transmit a relatively low fre- 
quency signal to a secondary coil (L1) of a tire monitor 
(12) associated witfi a tire of a vehicle. The method fur- 
ther includes the step of, at the tire monitor, in response 
to the relatively low frequency signal, transmitting a rel- 
atively high transmitting signal to convey data. The data 
are received at the exdter and subsequently loaded Into 
a receiving unit (14) of the vehicle. 
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Description 

[0001 ] The present invention is generally related to 
a method and apparatus for monitoring characteristics 
of a tire in a vehicle. 

[0002] Systems have been developed to monitor a 
characteristic such as tire pressure of a vehicle and to 
report the characteristic to a receiver at a central moni- 
toring station using radio transmissions. A monitor is 
located at each tire and periodically takes a measure- 
ment of the tire characteristic. The monitor then trans- 
mits the results of the measurement in a radio 
frequency transmission to theoenfirajj^^ 
which produces an alarm era cSspiaT^e^onse to the 
measurement ~~-~~***«»**~ — ~* 
[0003] One problem with such systems has been 

the need to program the location of the traremjtt esLaj , 

t he cenlr aLgtation.-To be fully useful, the tire character- 
< Tstic~dats Is preferably associated with the tire which 
originated the measurement when presenting a display 
or alarm. Each monitor includes identification informa- 
tion which can be transmitted wHh the measurement 
The tire monitor is preferably activated to produce this 
inferTraic^anJSe Information is then conveyed to the 
central 6tationjindjjs^ 
fire - 

~^0004] In one technique, the tire monitors each 
include a reed switch or other magnetic device. A mag- 
net is passed near the reed switch, causing the monitor 
to transmit a radio frequency fransmission that includes 
^enjHica^yJata, A service technician repgteJNs 
process at each wheel and then loads the identification 
and po^'omn^imatipn into the central rnonrtoring sta- 
tion. Another method pro^es^j&i^Jm^^^^ 
each tire monitor which contains the identification infor- 
mation and which may be read with a suitable bar code 
reader. 

[00051 These previous techniques have been lim- 
ited in effectiveness. The magnetic progwnming tech- 
nique may be subject to interference and crosstalk, for 
example in a factory where many such tire monitors are 
being assembled with tires and vehicles. The bar code 
label system requires a label at each^tirTwfiich can be 
lost or become dirty or illegflae. ~ " 
[0006] A further limitation of these techniques is the 
manual operation requiring activation by a service tech- 
nician. A system is desired which automatically conveys 
wheel position data to the receiver. Such a system 
would be particularly useful after any change in tire 
position, such as tire rotation or replacement of a tire. 
[0007] The present invention is directed to an 
Improved remote tire pressure monitoring system which 
is readily prograrrimabJe. By way of Introduction only, In 
one ernbodirnent, each tire monitor includes a switch 
nich is activated by detection of a relatively tow fre- 
signal transmitted from a nearby exciter. In 
[response to the tow frequency signal, the detector j 
transmits tire characteristic data including identification 
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in fo r m a tion. The ttentffication information is received at 
the exciter and subsequently loaded into fre receiver of 
a vehicle- This reduces radio frequency interference 
and crosstalk The exciter may be manually operable or 
automatically controlled, which permits automatic tire 
pressure monitor position programming. 
[0008] The following is a description of some spe- 
cific embodiments of the Invention, reference being 
made to the accompanying drawings, ki which: 

FIG. 1 is a block diagram of a remote tire pressure 
monitoring system; 

FIG, 2 Is a cross sectional view of a wheel including 
a tire and tire monitor mounted thereon; 
PIG. 3 is a block diagram of a tire monitor tor use in 
the remote tire monitoring system of FIG. 1 ; 
FIG. 4 Is a schematic cSagmm of a portion of the tire 
monitor of FIG. 3; 

FIG. 5 is a flow diagram illustrating operation of the 
remote tire pressure monitoring system of Figure 1 ; 
and 

FIG- 6 is a block diagram of an alternative embodi- 
ment of a remote tire pressure morritoring system. 

[0009] Referring now to the drawings, FK1 1 shows 
a block diagram of a remote tire pressure monitoring 
system 1 0. FIG. 1 shows a vehicle V that includes in this 
example tour tires and an exctterLl BJor collecting tire 
monitor information. Tne vehicle V includes a remote 
tire pressure monitoring system 10 thai in this example 
includes four sending units or tire monitors 12 and a 
receiving unit 14. Each of the sending units 12 Includes 
a battery powered, radio frequency transmitter that peri- 
odically transmits radio frequency signals indicative of a 
tire characteristic such as tire pressure in the associ- 
ated tire. In this example, the tires are labeled T(1), T(2), 
T{3). T(4), and the associated tire pressures are identi- 
fied as P(1). P(2). P(3). P(4). The rece'M"ngjanjL14| 
receives radio frequency si gnals from the tire mon itors] 
1 2 and provides a warning to the operator of the vefficie| 
V when the indicated tire pressure of any of the tires is 
outside a predetermined range. 
[0010] The system 10 further includes one or more 
exciters, such as exciter 16. The exciter 16 indudesa 
tow frequen cy frargmtt^ 
-marycoiiia, a Wgjhr frequency jn^mMfPS 22, a con- 
troller 24, a memory 26 and a download link 28. 
[0011] The exciter 16 is configured for placement 
near the tire monitors 12 tor collectin g tire monito r infor- _ 
mation. The tow frequency tranjrn foer circuit gO jTjgm- 
bination with the primary coil 18 generates^.celatrvely^. 
low frequency 6ignal. In or^emboo^nent^ie low fre- 
quency signal has a frequency of arjrjraMrnate4y^125^ 
KHz, but ofterfriquehcte^ 
Tngtbe suitable; ^secondary coil inside a tire monitor 
12 detectelheTow frequency signal. When the primary 
coil 18 is energized by the tow frequency signal at suita- 
ble amplitude and with a correctly tuned primary coil. 



2 



EP1026015 A2 



significant viergy is transmitted across an air gap 
between the primary coil 18 and the secondary coil 
within en adjacent tire monitor 12. The exciter 16 only 
activates those tire monitors thai are in close proximity; 
e.g., within one mater Off the exciter 16. The secondary 
coo resonates due to the applied lew frequency energy 
In the preferred embodiment the adjacent tire monitor 
12 Includes a switch which is designed to detect this 
energy and cause the tire monitor 1 2 to proAJce a suit- 
able response. Further details on the operation of the 
tire monitor 12 will be provided below in connection with 
FIGS, 3 and 4. 

ft[0u12] In the Hlustratedwn^irnent the lire monk 
tor' 12 responds tolfiTtow frer^enV"signal from the\ 
exciter 16 by fransmitting data to the exciter 16. The 
clata preferably indudee identification information for the 
fak monitor 12. The Verification information, along with, 
^position information Mentifyin^e^po ^onj^ ftejre 
monitor 12 on t^yeWc^ 

fromlfiTSSiBn^ c 

[0013] ' The transmission from the tire monitor 12 is 
received at an antenna 23 associated with the high fre- 
quency receiver circuft 22 of the exciter 1 6. The high fre- 
quency receiver droit 22 extracts identification 
information contained in the transmission. The idenffi- 
cafion information is stored In the memory 26 and asso- 
ciated with the pos$on on the vehicle of the lire 
monitored which originated the transmission. In one 
example, the position Information is manually entered 
by a service technician. 

[0014] After collecting identification and position 
information tor each of the tire monitors, the exciter 16 
communicates the information to the receiving unit 14. 
Preferably, the data convriunication is over a hard-wired 
data link using the download ink circuit 28. This hard- 
wired link is preferably a temporary connection made, 
for example, by briefly connecting the exciter 16 to the 
recejvjng unit ^.^Alternatively, a wireless link may be 
rn«J8*betwe§ttfie exciter 16 and the receiving unit 14. 
The hard wire connection may be preferable in a factory, 
where other radio frequency transmissions from tire 
monitors and exciters are occurring, in order to mini- 
mize interference and crosstalk. 
[0015] FIG. 2 is a cross sectional view of a tire T(1) 
mounted on a wheel W and an associated tire monitor 
12 also mounted on the wheel W. In the illustrated 
embodiment, the tire monitor 12 ts fabricated to include 
the valve stem which extends through the wheel W to 
permit fifing and pressure checking of the tire T(1). 
Other mechanical embodiments and mounting methods 
for the tire monitor 12 may be substituted. 
[0016] FIG. 3 shows a tire monitor 12 for use in the 
tire pressure monitoring system of FIG. 1 . The tire mon- 
itor 1 2 is configured to be mounted in a tire of a vehicle, 
as shown in FIG. 2. The tire monitor 12 includes a sen* 
jsqt 32, a controller 34. a high frequency transmitter dr* 
\ cufftS. a battery 3* a motion detector switch 40 and a 
receiver circuit 42. The components of the tire monitor 
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1 2 are contained within a housing 44. 
[0017] The sensor 32 detects a characteristic of the 
tire and produces a signal, in the illustrated embodi- 
ment the sensor 32 is a pressure sensor which detects 
the air pressure of the tire and produces a sgnal repre- 
sentative of the air pressure. However, other tire charac- 
teristics may be detected, such as tire temperature or 
number of rotations of the tire. .;.,,-„ 
[0Ol81^^The*cotifro^ operation of the 1 

tire monitor 12. In the illustrated embodiment, the con- 
toiler 34 is implemented as an application specific inte- 
grated circuit (ASIC)- Implementation as an ASIC 
provides advantages of reduced current drain, small 
size and light weight However, the controller 34 may be 
alternatively implemented as hard wired logic or as a 
general purpose microcontroller operating in conjunc- 
tion with specific circuitry and under software control. 
10019] The rOaJ^^yericy^^ 
configured to trangritjB^^ 
in response tpanac^^ 

monitor 't£j5ny suteble data transmission or signal 
Trodui^n technique may be used by the high fre- 
quency transmitter circuit In the preferred embodiment 
the high frequency transmitter circuit transmits a radio 
frequency signal at tor example, 315 MHz. Other fre- 
quencies or ranges of frequencies may be suitably 
used 

[0020] The battery 38 provides operating power for 
the tire monitor 12. In an alternative embodiment the 
tire monitor 12 may be operated by power provided by 
seizing tte Jpw Jrwency recover:,, fifrcuitJ2. The 
motion deiec1o7Winftua , IS"a switch which closes in 
response to motion of the ti re mon itor 12. The controller 
34 r esporri^ to dosure of the*sS5tch by varying the 
. operational mode of the tire monitor 12. 
[0021] The r eceiver circuit 42, is configured to 
respond to a nSaSrJ^Tow^ 

vation s ignal jai. ^jfyjr^iSssJg . The receiver circuit 
'SSTrSudk^ an associated 

tHngTcapacitor C1. The values of the inductor L1 and 
capacitor C1 may'bTchasen so that the receiver circuit 
42j:^ns^ 
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the tire monitor 12 of FIG. 3. In RG. 4. the receiver cir- 
cuit 42 is shown along with a comparator 50, a transistor 
52 and a resistor 54. The comparator 50. the transistor 
52 end the resistor 54 are preferably embodied aa a por- 
tion of the controller 34 (FKL 3), but may be included 
separately in the tire monitor 12 and electrically cooper- 
ate with circuits of the controller 34. 
[0023] Further shown in FIG. 4 is the primary coil 
18 of an exciter such as exciter 18 (FIG. 1) which has 
been brought in proximity to the receiver circuit 42. The 
exciter 16 transmits a relatively law frequency signal. 
suchasajigr^aU^ . 
{0024]~ The primary coil 18. when driven with suffi- 
cient power and positioned in sufficiently close proxim- 
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'rty, induces a resonant alternating current (AC) vottage 
V1 in the receiver circuit 42. V1 win vary in ampfitude 
depending on the power level In the primary coil 18. The 
comparator 50 is used to detect when VI rises high 
enough to initiate action ot the tire monitor 12. When V1 
is at a level equal to or higher than the threshold volt- 
age, the output of the comparator 50 change© state 
from low'to high at V2. An exemplary level for V ret 's 1 .2 
veils, although other suitable values may be used. The 
high level at V2 fe used as an activation signal and is 
supplied to digital circuitry of the controller 34 (FIG. 3). 
In response to the high level the controller 34 sends 
digital data to the high frequency transmit circuit 36. The 
digital data may include, for example, identification Infor- 
mation for the tire monitor 12, tire pressure data and 
other data such as a function code, a battery level indi- 
cation, etc The high frequency transmit circuit 38 initi- 
ates a radio frequency (e.g., 315 MHz) transmission to 
convey the data. 

[0025] In thJa manner, the primary cofl 13 of the 
exciter 16 conveys a relatively lew frequency signal to 
the secondary coiL1 of the tire monitor 1 2. In response 
to the relatively low frequency signal, the tire monitor 1 2 
transmits a relatively high frequency signal to convey 
data. The relatively high frequency signal inducting the 
data is received at the exciter 1 6. Also at the exciter, th e 
data may be associated with position information for the 
tire monitor on the vehicle. 

[0026] Thus, in one embodiment, the exciter pro- 
vides a relatively low frequency signal as an activation 
signal, in response, the tire monitor communicates tire 
monitor information using a relatively high frequency 
signal. 

[0027] In other embodiments, the primary ooil 1 8 of 
the exciter 16 and the ooil L1 of the tire monitor 12 are 
y$ad tor duplex communications, tn one embodiment 
the tire monitor is passive and merely modulates the 
impedance seen by the primary coil 1 8. The modulation 
is detected by the primary coil, allowing tire monitor 
information to be communicated in this manner. In 
another embodiment, the tire monitor is active and the 
cofl L1 is further used as a primary con for conveying 
digital data to a secondary ooil, coil 18 of the exciter 16. 
[0028] in these embotfments, both the low-fre- 
quency interrogation signal from the ceil 18 and 
response data from the ooil L1 are transferred between 
the exciter 16 (FIG. 1) and the tire monitor 12 over a 
short air gap. The air gap is in one example only a few 
inches between the tire monitor on a tire and the exciter 
heUcrrrwntedriearby.Theai^ example 
is approximately nine inches, where the exciter is 
mounted In the wheel well of the vehicle near the tire to 
be monitored. Other air gaps may be used, but in all 
cases the transmissjon tfstance will be substantially 
less than the transmission distance from the high fre- 
quency transmitter circuit 38 to the receiving unit which 
Is typically mounted near the instrument panel of the 
vehicle. 
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[0029] The passive, low frequency embodiment 
uses technology similar to that used in radio frequency 
identification (RF ID) tags. In this embodiment, digital 
data are conveyed by the controller 34 to node V3 (FIG. 
4). In the illustrated embodiment digital data on node 
V3 takes the form of low level voltages at 0 volts and 
high level voltages at 3 volts. Other suitable voltage lev- 
els may be used. During periods when 0 volts is applied, 
there is no effect But when 3 volte is applied, during the 
high pulses of the digital data, transistor 52 is turned on 
by the base current supplied through the resistor 54 
from node V3. When transistor 52 is turned on. it effec- 
tively short circuits the receiver circuit 42 to ground. The 
induced voltage at node V1 caused by the primary coil 
18 is rapidly reduced to 0 volts. After the high vottage at 
node V3 is removed, node V1 rapidly restores to its high 
level, assuming the primary con 18 is still present and 
energized. The controller 34 may be designed to pro- 
vide suitable time delays to ensure that the data being 
transmitted to node V3 are not interrupted as the com- 
parator voltage at node V2 switches state in reaction to 
switching at node V1. In this way, digital data Is used to 
effectively turn on and off the induced voltage at node 
V1. 

pj030] At the primary coil 18, this action of the tran- 
sistor 52 shorting the receiver circuit 42 is seen as an 
effective impedance modulation of the radiated field of 
the primary con 18. This causes small changes to the 
primary coil voltage level which can be detected and 
from which the digital, encoded data from the power 
monitor 12 can be decoded and recovered at the 
exciter. Design of a receiver circuit capable of detecting 
the encoded data at the exciter is well within the stall of 
those ordinarily skilled in the art Operated in this man- 
ner, the transistor 52 and resistor 54 along with the coil 
L1 form a low frequent duplex data communication cir- 
cuit 

[0031] In the active low frequency embodiment the 
operation of the primary ooil 18 and the cofl Li are 
reversed. In this embodiment the coil L1 is driven asa 
primary coil, radiating energy in a field that is detected 
by the coil 18. operated as a secondary cofl. For diqtfex 
communication, the ooils alternate serving as the pri- 
mary coil in the system. This active embodiment has the 
; advantage of Increased range of communication at the 
expense of increased power dissipation In the battery of 
the tire monitor. Operated in this manner, the coil LI 
thus forms a low frequency active duplex data comnju- 
nication circuit 

[Q032] This low frequency duplex communication 
system may be u60d for programming the receiving unit 
of the vehicle with tire position data or for communica- 
tion of all data by the tire monitor 1 2, The tire monitor is 
actuated by a low frequency (e.g., 125 KHz) transmis- 
sion from the exciter and responds by communicating 
identification information at the low frequency. In this 
embodiment an subsequent tire characteristic informa- 
tion, such as tire pressure data. Is communicated to the 
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receiving unit using relatively high frequency (e.g„ 315 
MHz) signals, in another embodiment, the tire monitor 
does not include a high frequency transmission circuit 
or does not use the high frequency comrriinieation cir- 
cuit After proyamminfl, tire characteristic Information is 
communicated by a tire monitor modulating low fre- 
quency energy from a primary coil or actively radiating 
an energy field for detection at the exciter. 
"10033] Use of low frequency commura'cstion tor pro- 
gramming and standard data transmissions has 
advantage of reducing crosstalk and Interferon! 
among tire monitors when many such lira monitors an 
being assembled with wheels in a factory. Low fn 
quency communication permits the elimination of the 
I high frequency transmitter circuit 36, with duplex data 
j cornmunication through the coil L1 . This provides added 
I benefits of reduced current drain by the tire monitor and 
I therefore longer battery life, as well as elimination or 
I reduction of design concerns w/er RF transmitted power 
\ regulations and receiver positioning and sensitivity. 
\ [0034] ' FIG- 5 illustrates a method for operating the 
Vemote tire pressure monitoring system of FIG. V The 
method begins at step 60. 

[00351 At ^62, an excrter activates a tire monitor 
associated with a tire using a lew frequency signaL The 
primary coil of the exciter is brought near to the second- 
ary coil of the tire monitor to actuate the tire monitor. In 
one embodiment, the exciter is a hand held unit carried 
by a service technician and brought near the tires of a 
vehicle during assembly or servicing of the vehicle. In 
another embodiment the exciter is located In a station- 
ary position in a car assembly factory. Wheels including 
tires and tire monitors are assembled and mounted on 
vehicles on the assembly fine. As the vehicle moves 
past the exciter, low frequency energy is transmitted to 
the secondary coil of the tire monitor. The exciter may 
be positioned manually or automatically and may 
remain stationary or may move close to the tire as the 
tire passes to energize the secondary coil. One exciter 
may be located on each side of the vehicle as the vehi- 
cle moves on the assembly line. In another embodi- 
ment, the water may be temporarily mounted on or 
near the roof of the vehicle and positioned to be pulled 
down by an operator and manually positioned beside 
each wheel. The operator may, for example, press a but- 
ton or otherwise activate the exciter to energize the tire 
monitor and provide an activation signal. In stilt a further 
errixxfiment. the exciter may be positioned on a con- 
veyor belt that brings wheels or wheel assemblies into 
position far mounting on the vehicle. In this embocfl 
merit, the tire monitors are activated prior to mounting. 
[Q036] In response to the activation signal from the 
exciter, the tire monitor transmits data at step 64. Pref- 
erably, the data jndudejeJde ngjcat^ information lor 
the tire monitor, in one exarrple, 32 bits of data contain- 
ing a unique ido^gca^n y^e^exe^ananrutted. Other 
data irtclud^tirechra data may be transmit- 
ted at this time as well. 



.[0037] The data are received at the exciter at step 
( 66. The exciter associates the received data with the 
position of the tire on the vehicle. For example, the 
exciter wm sequentially associate received identification 
information with the left front tire, the left rear tire, *a 
right rear tire, and the right front tire. The position data 
nay be received manually or automatically. If the exciter 
is a hand held unit or is positioned manually by a service 
technician, the service technician can manually enter 
to the position data using a keypad or other data entry 
mechanism. If the exciter is positioned automatically, for 
ecample, using computer control, the automatic mecha- 
nism wHI relate the position of the exciter at the time the 
identification information is received with tire position for 
'the vehicle. At step 68. thai a^catioaJoforrnation ^ 
stored at the exciter along with the„arawatad position^ 
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po38] At step 70. the method determines if there | 
are more tires for the vehicle from which data must be \ 
received. In the exemplary embodiment of FIG. 1, the j 
vehicle V includes four tires. In other applications, the j 
remote tire monitoring system 10 may be used on a 
truck having 18 or more tires. H more tires are present, 
control returns to step 62 to activate a next time monitor. 
If no additional tires remain, at step 72 the stored iden- 
tification Information and position data are downloaded 
to the receiving unit of the vehicle. The receiving unit 
stores the Information for future reference. For example, 
as the vehicle is operated, each tire monitor of the vehi- 
cle will occasionally transmit tire characteristic data, 
such as tire pressure information. In addition to the tire 
characteristic data, the tire monitor wQI also transmit 
data indicative to its identification information. Upon 
receipt of the data indicative of identification informa- 
tion, the receiving unit can compare the data with the 
previously stored idertfication data to determine the j 
source of the associated tire characteristic data. The ; 
rec§iying-unitcan4h!&^ 

de with a warning or display that identifies which tire of 
the vehicle transmitted the data. This is partculadyuse- ^ T 
ful if the data indicates, for example, a tow tire pressure , 
\ .ttwdl tioaj n thw jnster«ejhe^ the vehicle 

\ can irrffnediateTtjTHer^ tire has a problem and 

take con^^jsX^^ 

pcSSjr ~ The method Illustrated in FK3>5Ja particu- 
larly useful after any change in tire position. Such a 
change may occur, tor exarr|>le,-afte«ctation-cMhe"~ 
tires-crt th«^vehidc„OT upon jr^laceme^ , 
vehicle servicing envirorWent Arler a change In tire 
position, the'metrxx^^of'st^ 64 may be executed in 
order to program the receiving unit of the vehicle with 
the tire position Information for each tire. If a tire position 
has been changed, the tire position win be updated cor- 
rectly to reflect the change. In this manner, future 
received tire characteristic information can be accu- 
rately displayed for the user of the vehicle. 
[00401 FIG. 6 shows a Mode diagram of an alterna- 
tive embocfiment of a remote tire pressure monitoring 
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system 10. The system 10 includes a plurality of tire 
monitors 12. a controller 13 and a plurality of exciters 
16. Each ere monitor 12 is associated with a lire of the 
vehicle V. The tires are designated T(1). T(2). T(3) and 
T(4). Each tire monitor includes a sensor whit* pro- 
duces data indicative of a tire characteristic and a trans- 
nitter circuit coupled to the sensor and configured to 
transmit a relatively high frequency signal in response 
to an activation signal 

[0041] The controller 13 provides lire characteristic 
information to a user. The controller includes a receiver 
circuit 14 configured to receive the relatively high fre- 
quency signal, an antenna and a display 15. in 
response to data received at the receiver circuit 14, a 
display is provided on the display 15 to provide informa- 
about tira characteristics to the operator of the veM- 

l M [0042] The exciters 16 are electrically coined to 
the controller 13. Each exciter 16 Is located on the vehi- 
cle V near an associated tire monitor 12. Each exciter 
16 includes a transmission circuit configured to trans- 
mit m response to a control signal from the controller 
13. a reltfiy^jcwj^ 

signal for the associated lire monitor 12. in the llus- 
trated embodiment, each exciter 16 is connected via a 
wire with the controller 13. ConTmuntcation over the wire 
link 19 is preferably two way- 
[0043] In the embodiment of FIG. 6. the primary coil 
of each exciter 16 is not fixed or hand held, but is 
mounted to the wheel wed area of the vehicle V and as 
such is permanently mounted close to the respective 
tire rnonitor 12. In a vehicle such as a car, there are tour 
wheel weU mounted primary coite. which can each acti- 
vate and interrogate the associated tire monitor 12. This 
allows automatic wheel information collection by means 
of polling each tire monitor 12. 
{0044] For example, the polling process may 
include the tallowing cycle. At the start of the cycle, the 
left front primary coil of the exciter 16 is energized. The 
tire monitor 12 in the left front wheel is thereby activated 
and subsequently transmits the wheel pressure and 
WentTK^^jrjJg^^ 

receiver circuit 14 of the controller 13. The controller 13 
then allocates the received data to the left front wheel. 
Next, the right front wheel primary coil of the exciter IB 
is energized by the controller 13 and the subsequent 
received data from the right front tire monitor 12 is allo- 
cated in rnernory to that wheel position. The cycle con- 
tinues and polls each wheel in turn so that all 
identification codes are received and allocated to the 
respective wheels. In this embodiment, it is not required 
that the transmitted signals from the tire monitors 12 
include ktentification Information, since individual tire 
monitors 12 are selectively activated by the controller 

[00451 in one en*afirnerri\ the transmission of data 
from each tire monitor Is a normal *e rTwnitor radio fre- 
quency transmission, for example, at approximately 315 
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MHz- This transmission is received by the centrally 
m ounted receiver c ir cuit I4js pq the antenna 17. In an 
aj £rmSv^^ 

the tire rnonitor 12 using a low frequency sigjiaJ. as 
de&CTbed In connection with FIG. 4. at far example, 
125 KHz. The transmission is received by each individ- 
ual primary coil of the exciter 16 at the wheel wet and 
conveyed to the controller 13 using the wire 19. 
[0046] wmenaj^lde^^ 
received, the coSrcSief ^t^S^B data to allocate «*h 
'^uuent £«are*6^t^^ respective 
wheel. When the wheels V are removed and put backln 
different positions, for example for tire rotation pur- 
poses, at the first journey afterwards, the above 
descrtoed sequence is carried out and each tire monitor 
identification _^eis~assigri£stto its new - - ^ — ' 
In this manner, wheel position n 
cally provided to the controller 13. 
[00471 From the foregoing it can be seen that the 
present invention provides an improved remote tire 
pressure monitoring system and method. A tire monitor 
o^rvnfltftd with a tire of a vehicle is activated by a low 
frequency signal from an exciter and responds by trans- 
mttting a signal containing tire characteristic data. The 

26 tire characteristic dala includes, for exarr*3le^entfjca : 

^tion information tor trie Jre^monitor. The transmitted 
c^SereoSvid atthe exciter and subsequently down- 
loaded to a controller or receiving unit at the vehicle, or 
alternate at me contrdle^ 
so iters. In trfcrrianner, the pro^ 

automated and interference and crosstalk are reduced 
or eliminated „ 
[0048] While a particular embodiment of the . 
present invention has been shown and described, mod- 
as ffications may be made. For example, frequencies of 
actuation and communication different from those men- 
tioned above maybe readily substituted. Also, the bat- 
tery of the tire monitor may be eliminated and the tire 
monitor powered by the received tow frequency signal 
40 which energizes the secondary coil of the tire monitor, tt 
is therefore Intended In the appended claims to wverail 
such changes and medications which fall wflhm the 
true spirit and scope of the invention. 

46 Claims 

1. A tire characteristic monitoring method, the method 
comprising the steps of: * 

at a remotely located exciter, using a primary 
CofltotrartsmHarelatNe^ 
to a secondary con of a tire monitor associated 
with a tire of a vehicle; 

at the tire monitor, in response to the relatively 
low-frequency signal. 

transmitting a relatively high frequency signal 
to convey data; and 
atthe exciter, receiving the data. 
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2 A tire characteristic monitoring method as claimed 
in daim 1, wherein the data includes kfentaication 
information for the tire monitor. 

3. A tire characteristic monitoring method as claimed 
in daim 2. further comprising the step of, at the 
exciter, assodatirtg the identification information 
with a position of the tire on the vehide. 

4. A fire characteristic monitoring method 88 claimed 
in daim 3, further comprising the step of download- 
ing the identification Information and associated 
position information to a receiving unit mounted on 
the vahida 

5. A tire characteristic monitoring method as claimed 
in any of daims 3 to 4, further comprising the steps 
ot 
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ia A method as claimed in daim 9, further comprising 
the steps of: 

communicating identification information for the 
tire monitor to the remote exciter; and 
assodating the identification irrformaficn with a 
position of the tire on the vehicle. 

11. A method as dalmed in claim 10. wherein step (d) 
comprises the step of displaying the tire character- 
istic information and the assodated position of the 
tire on the vehide. 

12. A method as claimed in any of claims 9 to 11, fur- 
ther comprising the steps of positioning the exciter 
proximate the tire monitor and communicating the 
data at a rdativdy lower power lew* to minimize 
interference. 



6. 



tine; 

conveying a tire including the tire monitor on 
the assembly line past the exciter; and 
activating the tire monitor by the exciter as the 
tire passes the exciter. 

A lira characteristic monitoring method as claimed 
in claim 5, further comprising the step of assem- 
bling the tire along with other tires on a vehide prior 
to conveying the vehide and the tire past the 
exciter. 

A tire characteristic monitoring method as daimed 
in daim 6, further comprising the steps of commu- 
nicating the data from the exciter to a controller 
mounted on the vehicle. 

A tire characteristic monitoring method in any of 
daims 1 to 7. wherein the data is indicative of a tira 
characteristic. 



9. A tire characteristic monitoring method comprising 
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(a) transmitting an excitation signal from a 
remote exciter; 

(b) at a tire monitor associated with a tire of a 
vehicle, receiving the exdtation signal and, in 
response, communicating data Indicative of a 
lire dtaracteristic to the remote exciter; 

(c) repeating step (b) for at least one additional 
tire of the vahide; and 

(d) conveying the data and associated tire iden- 
tification information to a controller mounted on 
the vehicle, the controller being config ured to 
provide to a user tire characteristic information 
for each tire of the vehicle. 
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prising the steps of providing at the exciter a 
receiver having a relatively lower receiver sensitivity 
and positioning the exciter proximate the tire moni- 
tor for reception of the data to minimize interfer- 
ence. 

14, A method for operating a remote tire pressure mon- 
itoring system, the system including a plurality of 
tire monitors assodated with tires of a vehlde and a 
controller mounted on the vehide, the method com- 
pising the steps erf: 

(a) programming at least some tire monitors by. 

(a1) activating a tire monitor with a rela- 
tively low frequency signal from a remotely 
located exciter; 

(a2) in response to the low frequency sig- 
nal, communicating identification informa- 
tion from the tire monitor; 
(a3) associating the identification Informa- 
tion with position of a tire assodated with 
the tire monitor on the vehicle; 

(b) subsequently detecting a tire characteristic 
of the tire; and 

(c) conveying data indicative of the tire 9harac- 
teristic to the confrdler by communicating a rel- 
atively high frequency signal for reception by 
the controller. 

l& A method as daimed in claim 14, further compris- 
ing the steps of providing a remote exdter having a 
oommunlcation drcuit and positioning the remote 
occiter proximate the tire monitor for activating the 
tire monitor by communicating the relatively low fre- 
quency signal from the transmit drcuit 
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16 A method as claimed in claim 15, further compris- 
ing ihe steps of providing a receive circuit at the 
remote exciter and receiving the Identification infor- 
mation at the receive circuit. 

6 

17. A method as claimed in claim 16. further compris- 
* ing the step of electrically coupBng the remote 

exciter to the controller and conveying the position 
of the tire and the identification Information to the 
controller from the remote exciter. 10 

18. A method as claimed in any of claims 14to 17, 
wherein the step of communicating the identifica- 
tion information comprises communicating a rela- 
tively tow frequency signal when programming the is 
at least some tire monitors. 

19. A system for monitoring a tire characteristic of tires 
of a vehicle, the system comprising: 

20 



a plurality of tire monitors, each tire monitor 
associated with a tire of the vehicle and includ- 
ing a sensor which produces data indkatiye of 
a tire characteristic and a transmitter circuit 
coupled to the sensor and configured to trans- & 
mit a relatively higji frequency signal in 
response to an activHtion 6tgnal; 
a controller for providing the characteristic 
information to a user, the controller inducing a 
receiver circuit configured to receive the rela- 90 
lively high frequency signal; and 
a plurality of exciters electrically coupled to the 
controller, each exciter located on Vie vehicle 
near an associated tire monitor, each exciter 
including a transmission circuit configured to ss 
transmit in response to a control signal from 
the controller, a relatively low frequency signal 
as the activation signal for the associated tire 
monitor. 

40 

2a A system as claimed in claim 19. wherein each tire 
monitor comprises an identifier containing idenW- 
cation information and wherein the transmitter cir- 
cuit Is configured to transmit the Wentifteatton 
information in response to the activation signal- 46 



a high frequency communication circuit config- 
ured to communicate a relatively high fre- 
quency signal in response to an activation 
signal; and 

a detection circuit coupled to the high fre- 
quency communication circuit and configured 
to detect a low frequency signal as the activa- 
tion 6lgnal. 

23. A tire monitor as claimed in claim 22. further com. 
prising a controller coupled to the sensor, the high 
frequency communication circuit and the detection 
circuit tor controlling operation of the tire monitor 

24. A tire monitor as claimed in claim 23. wherein the 
controller is configured to receive ihe signal from 
the sensor and convey to the high freojiency com- 
munication circuit data tor transmission. 

25. A tire monitor as claimed in claim 24, further com- 
prising a battery for providing operating power for 
the tire monitor. 

26. A tire monitor as claimed in daim 23. further com- 
prising a low frequency communication circuit cou- 
pled to the controller and configured to 
communicate data when the activation 6ignal is 
received. 



21. A system as claimed in claim 19, wherein the 
receiver circuit of the controller is configured to 
receive the identification information and provide 
the tire characteristic in association with the identi- 
fication information for each tire monitor of the plu* 
rafity of lire monitors. 

22. A tire monitor configured to be mounted on a tire of 
a vehicle, the tire monitor comprising: 

a sensor for detecting a characteristic of the tire 
and producing a signal; 



27. A tire monitor as claimed in daim 26. wherein the 
low frequency communication droit comprises a 
passive duplex data communication circuit 

28. A tire monitor as claimed in claim 27. wherein the 
low frequency communication circuit comprises a 
coil response to an energy field from an adjacent 
primary coil to produce an induced alternating cur- 
rent (AC) voltage conveying data to the controller, 
the controller providing a signal to the coil to vary 
electrical properties of the coil and convey data 
from the controller. 

29- A tire monitor as claimed in daim 26. wherein the 
low frequency communication circuit composes an 
active duplex data communication circuil 

3a A tire monitor as dalmed in daim 29, wherein the 
low frequency ccmrrunication cirait compris^ a 
coft response to an energy field from an adjacent 

so coil to produce an induced alternating current (AC) 
voltage conveying data to the controller, the control- 
ler providing a signal to the coil to produce an 
energy fieto from the coil to the adjacent col and 
convey data from the controller. 

55 . 

31. A tire monitor as claimed in daim 28. wherein the 
tire monitor conveys identification information using 
one of the tow frequency transmitter circuit and the 
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high frequency transmitter circuit 
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32. A tire monitor as claimed m daJm 26. wherein the 
tire monitor conveys identification information in 
response to the activation signal using the lew fre- 
quency transmitter circuit and conveys tire charac- 
teristic information in response to the signal andthe 
activation signal using the high frequency transmit- 
ter circuit 

33. A method tor determining position of a tire monitor 
in a remote tire monitoring system, the lire monitor 
being associated with a tire of a vehicle, the method 
comprising the steps of: 

(a) transmitting a radio signal from an exciter to 
a tire monitor; 

(b) receiving the racfio signal at the tire monitor 
and, in response thereto, transmitting a tire 
.monitor radio signal; and 

(c) receiving at a remote location the tire moni- 
tor radio signal and position information tor the 
tire monitor and associating the position infor- 
mation and the tire monitor radio signal. 

34. A method as claimed in claim 33, further compris- 
ing the step of: 

(d) repeating steps (a) through (c) for all tires of 
the vehicle. 

35. A method as claimed in claim 34. wherein the racfio 
' signal is transmitted from a single exciter to all tire 

monitors of the vehicle. 

35, A method as claimed in claim 35, further compris- 
. Tng the steps of: 

moving the single exciter proximate each tire 
monitor prior to transmitting the radio signal; 

and ^ . 

maintaining the single exciter proximate the tire 
until after reception erf the tire monitor radio sig- 
nal. 



step of ImnsmittinQ irrformation about a tire charac- 
teristic with the tire monitor radio signal. 

4a A method as claimed in daim 33. wherein step (c) 
comprises receiving the tire monitor signal and the 
position information at the exciter. 

41. A method as daimed in daim 40. further compris- 
ing the steps Of: 

manually entering the position information at 
the exciter; and t 
placing the exciter prcodmate the tire monitor to 
receive the tire monitor radio signal. 

42. A method for determining position of tire monitors in 
a remote tire rnoritoring system, each tire ™^ 
being associated with a tire of a vehicle, the method 
comprising the steps of: 

(a) transmttting a radio signal from an exciter of 
a plurality of exciters to a respective tire moni- 
tor of a plurality of tire monitors; 

(b) receiving the radio signal at the tire monitor 
2& and, in response thereto, transmitting a tire 

monitor radio signal including the data: and 

(c) receiving at a remote location the tire moni- 
tor radio signal and position information tor the 
tire monitor and associating the position infor- 
motion and the tire monitor radio signal. 
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37. A method as claimed in claim 34. wherein the radio 
signal tor each respective tire monitor is transmitted 
from en excHer associated with the respective tire 
monitor and located on the vehicle proximate the 
respective tire monitor. 

38. A method as claimed in daim 33. wherein transmit- 
ting a tiramwiitwiudios^ step of 
transmitting identification information tor the tire 
monitor radio signaL 

39. A method as claimed in daim 38. wherein transmit- 
ting a tire monitor radio signal further comprises the 
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43. The [method of daim 42. wherein step (c) com- 
prises the steps of: 

i 

(c1) receiving at the exciter the tire monitor 
radio signal transmitted from a respective tire 
monitor; and ^. 
(c2) conveying the tire data to a central control- 
ler mounted on the vehicle, 
i 

44. A method as claimed in daim 42, wherein step (c) 
comprises receiving the tire monitor radio signal at 

a central controller mounted on the vehide- 

i 

45. A method as deimed in daim 42, wherein step (b) 
comprises transmitting at least tire identification 
information as the tire data, 

\ > 
4& A method as daimed in daim 42, wherein step (b) 
oonpnses transmrtting at least data indicative of a 
tire jcharacterisfic as the tire data. 
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